Investigation on motion responses of a semi-submersible platform and its mooring system by Liu, Yuanchuan et al.
Strathprints Institutional Repository
Liu, Yuanchuan and Wan, Decheng and Xiao, Qing and Incecik, Atilla 
(2014) Investigation on motion responses of a semi-submersible 
platform and its mooring system. In: ICMT2014, 2014-07-07 - 2014-07-
09. , 
This version is available at http://strathprints.strath.ac.uk/58880/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 







1. State Key Laboratory of Ocean Engineering, School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, 
Shanghai, 200240, China 
2. Department of Naval Architecture, Ocean and Marine Engineering, University of Strathclyde, Glasgow,G4 0LZ, UK 
$EVWUDFW0RUHDQGPRUH IORDWLQJ VWUXFWXUHVDUHXVHG LQERWKRIIVKRUHDQGFRDVWDO HQJLQHHULQJ DQGDOVRXQGHU
DVVHVVPHQWIRUZLQGHQHUJ\0RRULQJV\VWHPVDUHQHHGHGE\IORDWLQJVWUXFWXUHVIRUVWDWLRQ-NHHSLQJ,QWKLVSDSHU
PRWLRQUHVSRQVHVRIDVHPL-VXEPHUVLEOHSODWIRUPLQUHJXODUZDYHVDUHLQYHVWLJDWHGQXPHULFDOO\E\DYLVFRXVIORZ









DV HTXLSPHQW IRU WKH H[SORUDWLRQ DQG H[SORLWDWLRQ RI
GHHS-ZDWHU RLO DQG JDV LQ WUDGLWLRQDO RFHDQ HQJLQHHULQJ
LQGXVWU\ OLNH VHPL-VXEPHUVLEOH SODWIRUPV 6SDUV DQG
7HQVLRQ/HJ3ODWIRUPV7/3EXWDOVRDVIDFLOLWLHVUHGXFLQJ
ZDYHV OLNH IORDWLQJ EUHDNZDWHUV LQ FRDVWDO HQJLQHHULQJ
5HFHQWO\UHQHZDEOHHQHUJ\FRPSDQLHVDUHEXLOGLQJIORDWLQJ
RIIVKRUH ZLQG WXUELQHV LQ VHD PRUH WKDQ P GHHS 7KH
UHDVRQV PD\ YDU\ EXW GHFUHDVLQJ FRVW ZKLOH LQFUHDVLQJ
SURILWV LV DOZD\V DPRQJ WKH PDLQ FDXVHV IRU DOO LQGXVWULHV
8QOLNHWKHLUFRXQWHUSDUWVZLWKIL[HGERWWRPVWKHVHIORDWLQJ
VWUXFWXUHVQHHGEHHTXLSSHGZLWKHVVHQWLDOPRRULQJV\VWHPV
WR KHOS UHVLVW PRWLRQ UHVSRQVHV LQGXFHG E\ HQYLURQPHQWDO
ORDGV IURP FRQWLQXRXV ZLQG ZDYH DQG FXUUHQW DW VHD DQG
PDLQWDLQ WKHLU SRVLWLRQ ZLWKLQ FHUWDLQ OLPLWV LQ RUGHU WR
IXQFWLRQ SURSHUO\ 7KHUHIRUH LQYHVWLJDWLRQ RI PRRULQJ
V\VWHPV HVSHFLDOO\ WKHLU HIIHFWV RQ PRRUHG VWUXFWXUHV KDV
JUHDWVLJQLILFDQFHIRUWKHGHVLJQRIIORDWLQJVWUXFWXUHV 
0DQ\ UHVHDUFKHV KDYH EHHQ GRQH RYHU UHFHQW \HDUV
FRQFHUQLQJ WKH HIIHFWV RI PRRULQJ V\VWHPV RQ IORDWLQJ
VWUXFWXUHV LQ GLIIHUHQW DVSHFWV DQG VRPH DUH IRFXVHG RQ
PRGHOLQJ PHWKRGV RI PRRULQJ OLQHV Waris and Ishihara
2012LQYHVWLJDWHGWKHDSSOLFDELOLW\RIOLQHDUDQGQRQOLQHDU
)(0 PRRULQJ PRGHOV IRU ERWK WHQVLRQ OHJ PRRULQJ DQG
FDWHQDU\PRRULQJV\VWHPVRIIORDWLQJRIIVKRUHZLQGWXUELQH
V\VWHPV5HVXOWV VKRZHG DJRRGDJUHHPHQW IRU WHQVLRQ OHJ





UHVSRQVHRI D VFDOHPRGHORI D IORDWLQJ VWHSSHG-VSDU
ZLQG WXUELQHXQGHU UHJXODUDQG LUUHJXODUZDYHV Kim et al.
2013FRPSDUHG WKHG\QDPLFFRXSOHGEHKDYLRURIPRRUHG
IORDWLQJ VWUXFWXUHV LQ WLPH GRPDLQ XVLQJ WZR PHWKRGV IRU
                                                          
&RUUHVSRQGLQJDXWKRU(PDLOTLQJ[LDR#VWUDWKDFXN 
PRRULQJOLQHV--WKHOLQHDUVSULQJPHWKRGDQGWKHQRQOLQHDU
)(0 ,W ZDV IRXQG WKDW WKH WUDQVLHQW PRWLRQ UHVSRQVHV RI
VWUXFWXUHVZDVLQIOXHQFHGE\WKHDGRSWLRQRI)(0GXHWRLWV
LQFOXVLRQ RI PRRULQJ GDPSLQJ (IIHFWV RI PRRULQJ V\VWHP
FRQILJXUDWLRQ VXFK DV WKH QXPEHU OHQJWK DQG SRVLWLRQ RI
PRRULQJ OLQHV ZHUH DOVR GLVFXVVHG 'LDPDQWRXODNL DQG
$QJHOLGHV  FDUULHG RXW D SDUDPHWULF VWXG\ UHJDUGLQJ
HIIHFWV RI WKH QXPEHU RI PRRULQJ OLQHV RQ SHUIRUPDQFH RI
WKH FDEOH-PRRUHG DUUD\ RI IORDWLQJ EUHDNZDWHUV XQGHU
PRQRFKURPDWLF OLQHDU ZDYHV LQ WKH IUHTXHQF\ GRPDLQ
,QFUHDVLQJ QXPEHU RI OLQHV VHHPHG WR H[HUW OLWWOH LQIOXHQFH
RQ WKH KHDYH PRWLRQ RI WKH EUHDNZDWHUV Sun et al. 2012
LQYHVWLJDWHGWKHSHUIRUPDQFHRIDPRRUHG6SDUSODWIRUPDQG
LWV PRRULQJ V\VWHP XQGHU WKUHH GLIIHUHQW PRRULQJ
FRQILJXUDWLRQV XVLQJ D ' K\GURG\QDPLF ILQLWH HOHPHQW
PRGHO 7KH FURVV DQJOH EHWZHHQ OLQHV ZDV DVVLJQHG  
DQG  GHJUHHV UHVSHFWLYHO\ ,W FRQFOXGHG WKDW DV WKH FURVV
DQJOHLQFUHDVHGPRWLRQUHVSRQVHRIWKHSODWIRUPGHFUHDVHG
ZKLOH OLQH WHQVLRQ LQFUHDVHG Jeon et al. 2013 VWXGLHG WKH
G\QDPLF UHVSRQVHV RI WKH IORDWLQJ VXEVWUXFWXUH RI D ULJLG
VSDU-W\SH RIIVKRUH ZLQG WXUELQH ZLWK FDWHQDU\ PRRULQJ
FDEOHVZLWKUHVSHFWWRWKHOHQJWKDQGFRQQHFWLRQSRVLWLRQRI
PRRULQJFDEOHV,WVKRZHGWKDWLQFUHDVLQJOHQJWKRIPRRULQJ
FDEOHV ZRXOG GHFUHDVH SHDN DPSOLWXGHV LQ VXUJH DQG SLWFK
PRWLRQV DQG WKH PRWLRQV FRXOG EH PLQLPL]HG ZKHQ
PRRULQJ FDEOHV ZHUH FRQQHFWHG WR RU VOLJKWO\ DERYH WKH
FHQWHURIEXR\DQF\%HVLGHVPRRULQJW\SHVZHUHGLVFXVVHG
E\ VRPH UHVHDUFKHUV 6HHEDL DQG 6XQGDUDYDGLYHOX 
LQYHVWLJDWHGH[SHULPHQWDOO\WKHEHKDYLRURIVSDUSODWIRUPRI
D 0: IORDWLQJ RIIVKRUH ZLQG WXUELQH ZLWK WDXW DQG
FDWHQDU\PRRULQJV\VWHPV7KHWDXWPRRUHGPRGHOVKRZHG
VPDOOHUUHVSRQVHVRIERWKVXUJHDQGKHDYHWKDQWKHFDWHQDU\
PRRUHGPRGHO4LDRDQG2X  FDUULHGRXW UHVHDUFKHV
RQ WKUHH GLIIHUHQW W\SHV RI PRRULQJ V\VWHPV LH FDWHQDU\
VHPL-WDXW DQG WDXWRI D VHPL-VXEPHUVLEOHSODWIRUPXVLQJD
' K\GURG\QDPLF ILQLWH HOHPHQW PRGHO 1DWXUDO SHULRGV







GHDO ZLWK WKH IOXLG-VWUXFWXUH LQWHUDFWLRQ RZLQJ WR LWV
UHODWLYHO\ KLJK HIILFLHQF\ DQG JRRG DFFXUDF\ +RZHYHU
ZKHQ LW FRPHV WR SUREOHPV ZLWK VWURQJ QRQOLQHDU
SKHQRPHQD VXFK DV JUHHQ ZDWHU DQG VODPPLQJ RU YRUWH[
LQGXFHG YLEUDWLRQ RI 6SDUV WKH WUDGLWLRQDO WKHRU\ KDV LWV
OLPLWDWLRQV &RPSXWDWLRQDO )OXLG '\QDPLFV &)' PHWKRG
PLJKW EH HPSOR\HG IRU LWV PRUH UHDOLVWLF PRGHO HVSHFLDOO\
ZKHQFRPSXWLQJUHVRXUFHVEHFRPHPRUHDFFHVVLEOHQRZ,Q
WKLVSDSHUDYLVFRXVIORZVROYHUQDPHGQDRH-)2$0-6-78
6KHQ HW DO  IRU IORDWLQJ VWUXFWXUHV ZLWK PRRULQJ
V\VWHPV LV SUHVHQWHG ZKLFK LV GHYHORSHG RQ WKH SRSXODU
RSHQVRXUFHWRROER[2SHQ)2$07KHVROYHU LVDGRSWHGWR
VWXG\ PRWLRQ UHVSRQVH SUREOHPV RI D IORDWLQJ
VHPL-VXEPHUVLEOHSODWIRUPZLWKDFDWHQDU\PRRULQJV\VWHP
LQ UHJXODUZDYHV DQG WKHHIIHFWVRI WKHPRRULQJ V\VWHPRQ
LWV UHVSRQVH 0DWKHPDWLFDO HTXDWLRQV DQG QXPHULFDO
PHWKRGV DUH ILUVW GHVFULEHG 3DUDPHWHUV RI WKH SODWIRUP




WKH SODWIRUP ZKHQ WKH PRRULQJ V\VWHP LV FRQILJXUHG ZLWK
GLIIHUHQW PRRULQJ OLQH FRPSRVLWLRQ RU GLIIHUHQW LQFOXGHG
DQJOH EHWZHHQ OLQHV LQ WKH VDPH JURXS 'LVFXVVLRQV DQG
FRQFOXVLRQV DUH ILQDOO\ PDGH VXPPDUL]LQJ UHVXOWV REWDLQHG
IURPWKLVSDSHU 





)RU WUDQVLHQW LQFRPSUHVVLEOH DQG YLVFRXV IOXLG IORZ
SUREOHPVDUHJRYHUQHGE\WKH1DYLHU-6WRNHVHTXDWLRQV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ZKHUH U  DQG gU  UHSUHVHQW YHORFLW\ RI IORZ ILHOG DQG
JULGQRGHVVHSDUDWHO\ dp p U  g x  LVG\QDPLFSUHVVXUH
RI IORZ ILHOGE\ VXEWUDFWLQJ WKH K\GURVWDWLF SDUW IURP WRWDO
SUHVVXUH p  g  U  DQG P  GHQRWH WKH JUDYLW\
DFFHOHUDWLRQ YHFWRU GHQVLW\ DQG G\QDPLF YLVFRVLW\ RI IOXLG





IUDFWLRQ IXQFWLRQ GHQRWHG DV D  LV GHILQHG IRU HYHU\ FHOO
UHSUHVHQWLQJWKHUDWLRRIYROXPHIOXLGRFFXSLHVLQHDFKFHOO
7KHUHIRUH D  IROORZVWKHGLVWULEXWLRQEHORZ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7KH YROXPH IUDFWLRQ IXQFWLRQ D  LV JRYHUQHG E\ WKH
IROORZLQJWUDQVSRUWHTXDWLRQ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2.3 :DYHJHQHUDWLRQDQGGDPSLQJ 
7KH SUHVHQW VROYHU LQFRUSRUDWHV D ZDYH JHQHUDWLRQ PRGXOH





WKH ERXQGDU\ 7KH OLQHDU ZDYH WKHRU\ LV DGRSWHG LQ WKLV
SDSHU 
$ZDYHGDPSLQJPRGXOHLVGHYHORSHGIRUWKHSUHVHQWVROYHU
ZKLFK VHWV XS D ZDYH GDPSLQJ ]RQH /DUVHQ DQG 'DQF\
DOVRNQRZQDVVSRQJHOD\HUQHDUWKHRXWOHWERXQGDU\
WR DOOHYLDWH ZDYH UHIOHFWLRQ 7KH VSRQJH OD\HU WDNHV HIIHFW
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ZKHUH sD  LV D GLPHQVLRQOHVV TXDQWLW\ GHILQLQJ GDPSLQJ
VWUHQJWK IRU WKH VSRQJH OD\HU 2WKHU YDULDEOHV FRXOG EH
H[SODLQHGWKURXJK)LJXUH x  GHQRWHWKHFRRUGLQDWHLQ x 





7KH SUHVHQW VROYHU LQWHJUDWHV D 'R) PRWLRQ PRGXOH
FDSDEOHRIFRPSXWLQJDOOVL[PRWLRQUHVSRQVHVRIDIORDWLQJ
VWUXFWXUH 7ZR FRRUGLQDWH V\VWHPV VKRZQ LQ )LJXUH  DUH














2QFH PRWLRQ RI WKH VWUXFWXUH LV FDOFXODWHG WKH ZKROH
FRPSXWDWLRQDO PHVK VKRXOG EH XSGDWHG WR PDQLIHVW WKH
LPSDFWRILWVQHZSRVLWLRQRQIOXLGILHOGZKLFKLVDFKLHYHG
LQ 2SHQ)2$0 E\ HPSOR\LQJ WKH G\QDPLF PHVK
GHIRUPDWLRQ WHFKQLTXH 'LVSODFHPHQW RI JULG SRLQWV gX 
FDQEHREWDLQHGYLDVROYLQJWKHIROORZLQJ/DSODFHHTXDWLRQ
-DVDNDQG7XNRYLF 
   0gJ   X    
ZKHUH 21 rJ   UHSUHVHQWV WKHGHIRUPDWLRQFRHIILFLHQW DQG
r  LV WKH GLVWDQFH IURP FHOO FHQWHUV WR ERXQGDULHV RI WKH
VWUXFWXUH 
2.6 0RRULQJV\VWHP 
7KH PRRULQJ V\VWHP PRGXOH KHUH DGRSWV WKH ZLGHO\ XVHG
WKUHH-GLPHQVLRQDO OXPSHG PDVV PHWKRG +XDQJ  IRU
G\QDPLF DQDO\VLV ZKLFK HPSOR\V D VSULQJ-PDVV PRGHO
ZKLFKGLVFUHWL]HDFRQWLQXRXVOLQHLQWR 1N   SRLQWPDVVHV
QRGHV FRQQHFWHG E\ N  PDVVOHVV VSULQJV VHJPHQWV
&RQVLGHULQJ WKH HIIHFW RI DFFHOHUDWLRQ WKH G\QDPLF
HTXLOLEULXP HTXDWLRQ LV EXLOW RQ QRGHV ZKLFK FDQ EH
LOOXVWUDWHGLQ)LJXUH 
 1i i Ti Ti Di Ai iM a F F F F W        
ZKHUH iM  DQG ia  DUH PDVV DQG DFFHOHUDWLRQ YHFWRU RI
QRGH i  UHVSHFWLYHO\ TiF  DQG 1TiF   DUH WHQVLRQ YHFWRUV
RIVHJPHQWVFRQQHFWHGE\QRGH i  DiF  DQG AiF  DUHGUDJ
DQG LQHUWLD IRUFHV GLVWULEXWHG WR QRGH i  IURP DGMDFHQW
VHJPHQWV i  DQG 1i   YLD DYHUDJLQJ DQG FDOFXODWHG E\
0RULVRQ
V HTXDWLRQ iW  LV JUDYLW\ RI QRGH i  DOVR
REWDLQHGE\ PHDQV RI DYHUDJLQJ 7KH VROYLQJ SURFHGXUH LV
VLPLODUWRWKHRQHSURSRVHGE\Nakajima et al.1982 
 
)LJXUH)RUFHDQDO\VLVRIDQRGHIRUOXPSHGPDVVPHWKRG 
3 Computational model 
$ GHHS-ZDWHU VHPL-VXEPHUVLEOH GULOOLQJ SODWIRUP ZLWK D
FDWHQDU\ PRRULQJ V\VWHP LV VHOHFWHG LQ WKLV SDSHU ZKLFK














3ULQFLSDOSDUDPHWHUV 8QLW 9DOXH 
'HFN P îî 
%RWWRPRIGHFNDERYHEDVHOLQH P  
&ROXPQ P îî 
)LOOHWUDGLXVRIFROXPQ P  
/RQJLWXGLQDO GLVWDQFH EHWZHHQ
FHQWHUOLQHVRIFROXPQV P  
7UDQVYHUVH GLVWDQFH EHWZHHQ
FHQWHUOLQHVRIFROXPQV P  
3RQWRRQ P îî 
'LVWDQFH EHWZHHQ FHQWHUOLQHV RI
SRQWRRQV P  
7RQQDJH W  
&HQWHURIJUDYLW\DERYHEDVHOLQH P  
,QLWLDODLUJDS P  




3LWFKJ\UDWLRQUDGLXV P  
3.2 0RRULQJV\VWHPFRQILJXUDWLRQ 
7KH PRRULQJ V\VWHP LV FRPSRVHG RI  OLQHV ZKLFK DUH
V\PPHWULFDOO\ DUUDQJHG LQWR  JURXSV 1XPEHULQJ DQG




WKURXJK WKUHH SDUWV ZLWK GLIIHUHQW OHQJWK DQG PDWHULDO
SURSHUWLHV WKHXSSHUDQGORZHUSDUWVDUH56FKDLQVZKLOH
WKHPLGGOHSDUWLVSRO\HVWHUILEHUFDEOHDVVKRZQLQ)LJXUH
E 6LQFH ZDWHU GHSWK LV P WKH OLQHV H[KLELW D



















8SSHU &KDLQ   î  
0LGGOH &DEOH   î  
/RZHU &KDLQ   î  
3.3 &RPSXWDWLRQDOGRPDLQ 
$UHFWDQJXODUQXPHULFDOWDQNLVXVHGDQGLWVVL]HLV/>-P
P@h:>-P P@h+>-P P@ 7KH SODWIRUP
LVORFDWHGDWWKHFHQWHURIWKHWDQN6LQFHWKHIOXLGILHOGQHDU










ZDYH UXQ-XS DQG LPSDFWV RQ IL[HG VWUXFWXUHV &DR HW DO
 =KRX HW DO  VKLS K\GURG\QDPLFV DQG DGGHG
UHVLVWDQFH <H HW DO  6KHQ DQG :DQ  PRWLRQ
UHVSRQVHRIPRRUHGIORDWLQJSODWIRUPV&DRHWDO/LX
HWDODQGDOVRVORVKLQJ6KHQDQG:DQ 
,Q WKLV SDSHU FDOFXODWHG UHVXOWV DUH FRPSDUHG WR ERWK
H[SHULPHQWDO DQG QXPHULFDO UHVXOWV IURP Shi 2011 WR
YDOLGDWH WKH FDSDELOLW\ RI WKH SUHVHQW VROYHU WR KDQGOH
K\GURG\QDPLF SUREOHPV RI PRRUHG RIIVKRUH SODWIRUPV LQ
ZDYHV 7KUHH UHJXODU LQFLGHQW ZDYHV DUH VHOHFWHG IURP
PRGHOWHVWVSDUDPHWHUVRIZKLFKDUHOLVWHGLQ7DEOH7DNH
WKH ILUVWZDYHDV DQH[DPSOHDQGDZDYH JDXJH LV ORFDWHG
QHDUWKHSODWIRUPDW; -PWRUHFRUGZDYHHOHYDWLRQ7KH
FXUYHRIZDYHHOHYDWLRQLVSORWWHGLQ)LJXUHZKLFKVKRZV
WKDW WKHZDYHFKDQJHV UHJXODUO\ DIWHU DERXWSHULRGVZLWK
DPSOLWXGHRIPDVSUHVFULEHGDQGLVWKXVVDWLVIDFWRU\ 
7DEOH3DUDPHWHUVRILQFLGHQWZDYHV 
3DUDPHWHUV1R    
:DYHKHLJKWP  
:DYHSHULRGV    
:DYHOHQJWKP    
 
)LJXUH(OHYDWLRQRILQFLGHQWZDYH7 V; -P 
7KUHH QXPHULFDO WHVWV DUH VHW XS DVVRFLDWHG ZLWK DERYH
PHQWLRQHG WKUHH LQFLGHQW ZDYHV IRU YDOLGDWLRQ ,QFLGHQW
ZDYHV SURSDJDWH LQ WKH ORQJLWXGLQDO GLUHFWLRQ RI WKH
SODWIRUPWKHPRYHPHQW LV WKXVFRQILQHG LQLWV ORQJLWXGLQDO
VHFWLRQ $V D UHVXOW RQO\ WKUHH GHJUHHV RI IUHHGRP DUH
FRQVLGHUHG LH VXUJH KHDYH DQG SLWFK ZKLOH RWKHUV DUH
IL[HG 7KH WLPH VWHS LV IL[HG DW V DQG WKH RYHUDOO WLPH
VLPXODWHGLVVHWDVV 
)LJXUH  VKRZV WKH FRPSDULVRQ RI 5HVSRQVH $PSOLWXGH
2SHUDWRU 5$2 EHWZHHQ QXPHULFDO UHVXOWV DQG
H[SHULPHQWDO GDWD IRU VXUJH KHDYH DQG SLWFK UHVSRQVHV RI
WKH SODWIRUP 7KH FRPSDULVRQ VKRZV WKDW UHVXOWV IURP
YDULRXVPHDQVVKDUHWKHVDPHWUHQGLH5$2VRIVXUJHDQG
KHDYH UHVSRQVH GHFUHDVH DV WKH SHULRG RI LQFLGHQW ZDYHV
LQFUHDVHV ZKLOH SLWFK UHVSRQVH VKRZV DQ RSSRVLWH FKDQJH
SDWWHUQ %HVLGHV YDOXHV JDLQHG IURP ZKLWH QRLVH WHVWV DUH
ODUJHUWKDQWKRVHRIUHJXODUZDYHWHVWVZKLOHSUHVHQWUHVXOWV
E\ QDRH-)2$0-6-78 DV ZHOO DV WKRVH IURP 6(6$0(
DOZD\VVWD\EHWZHHQWKHP,WFDQEHWKHQFRQFOXGHGWKDWWKH
SUHVHQW VROYHU LV FDSDEOH RI KDQGOLQJ PRWLRQ UHVSRQVH
SUREOHPVRIPRRUHGIORDWLQJVWUXFWXUHVLQZDYHV 
































5 Numerical Results 
,Q RUGHU WR HYDOXDWH WKH LQIOXHQFH RI PRRULQJ V\VWHP
SDUDPHWHUV RQ PRWLRQ UHVSRQVHV RI WKH SODWIRUP WZR
DVSHFWV DUH LQYHVWLJDWHG GLIIHUHQW PRRULQJ OLQH
FRPSRVLWLRQV LH YDU\LQJ OHQJWK RI HDFK VHJPHQW RI WKH
PRRULQJ OLQH ZKLOH NHHSLQJ WKH RYHUDOO OHQJWK XQFKDQJHG




HDFK FRPSRQHQW DIIHFWV LWV VKDSH DQG WHQVLRQ GLVWULEXWLRQ
DQGPD\WKHUHIRUHH[HUWDQLQIOXHQFHRQWKHPRRUHGIORDWLQJ
SODWIRUP,QWKLVVHFWLRQWZRQHZFRQILJXUDWLRQVDUHVHWXS
IRU PRRULQJ OLQHV E\ DGMXVWLQJ WKH OHQJWK RI GLIIHUHQW
FRPSRQHQWV VKRZQ LQ)LJXUHZKLOHPDLQWDLQLQJ WKH WRWDO






&RQILJXUDWLRQV 2ULJLQDO &DVH$ &DVH% 
8SSHUFKDLQOHQJWKP    
0LGGOHFDEOHOHQJWKP    
/RZHUFKDLQOHQJWKP    
)LJXUH  VKRZV WKH VKDSH RI PRRULQJ OLQHV ZLWK WKUHH
GLIIHUHQWFRQILJXUDWLRQVDW WKH LQLWLDO VWDWH9DULDWLRQRQ WKH
PRRULQJOLQHFRPSRVLWLRQOHDGVWRUDWKHUHYLGHQWFKDQJHVRI
WKH VKDSH )RU &DVH $ WKHVH WZR SDUWV FRQQHFW ZLWK HDFK
RWKHU XQ-VPRRWKO\ DQG WKH JURXQGHG SDUW RI WKH OLQH
LQFUHDVHVDVZHOO7KH LQFOXGHGDQJOHEHWZHHQ WKH OLQHDQG
KRUL]RQWDO SODQH DOVR EHFRPHV ODUJHU PHDQLQJ LQFUHDVHG
YHUWLFDO WHQVLRQ SURYLGHG WR WKH PRRUHG SODWIRUP DQG






  2sinx t A t
T
S§ · u¨ ¸© ¹ ZKHUHWKHDPSOLWXGHRIWKHPRYHPHQW
LV VHW DV 6A m  DQG WKH SHULRG LV 11.5T s  )RU WKH
KRUL]RQWDO UHVWRULQJ IRUFH RI PRRULQJ V\VWHP VKRZQ LQ
)LJXUH  &DVH % DQG WKH RULJLQDO RQH ORRN PXFK DOLNH
ZKLOH WKH PDJQLWXGHV DUH UHGXFHG QRWDEO\ IRU &DVH $
7KHUHIRUHORQJHUPLGGOHFDEOHKDVOLWWOHHIIHFWRQORDGLQJRI









WKH PRRULQJ OLQH FRPSRVLWLRQ KDV LQIOXHQFHV RQ 'R)
PRWLRQUHVSRQVHVRIWKHSODWIRUPWRYDU\LQJGHJUHHV 





















White noise test (Shi, 2011)
Regular wave test (Shi, 2011)
SESAM (Shi, 2011)
naoe-FOAM-SJTU (Present)
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White noise test (Shi, 2011)
Regular wave test (Shi, 2011)
SESAM (Shi, 2011)
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&RQILJXUDWLRQV 2ULJLQDO &DVH$ &DVH% 
6XUJH5$2˄PP˅    
+HDYH5$2˄PP˅    
3LWFK5$2˄P˅    
)RUVXUJHPRWLRQZKHQOHQJWKRIWKHXSSHUFKDLQLQFUHDVHV
LWV 5$2 LV ODUJHU DFFRUGLQJO\ DQG WKH PHDQ SRVLWLRQ
GHYLDWHV IDUWKHU UHDFKLQJ DOPRVW P ZKLFK LV FDXVHG E\
VPDOOHUG\QDPLF PRRULQJ ORDGLQJ ,QFUHDVLQJ OHQJWKRI WKH
PLGGOHFDEOHRQWKHRWKHUKDQGGRHVQRWFKDQJHWKH5$2
EXWUHODWLYHO\ODUJHUG\QDPLFPRRULQJORDGLQJUHVWULFWVGULIW
PRYHPHQW D ELW )RU KHDYH PRWLRQ WKH FRQILJXUDWLRQ RI
&DVH$OHDGVWRDVOLJKWLQFUHDVHRILWV5$2ZKLOHWKHPHDQ
SRVLWLRQ IDOOV XQGHU WKH LQLWLDO GUDIW VLQFH WKH YHUWLFDO
FRPSRQHQW RI SUHWHQVLRQ DOWHUV WKH IORDWLQJ VWDWXV RI WKH
SODWIRUP2Q WKHFRQWUDU\5$2UHPDLQVQHDUO\XQFKDQJHG
IRU&DVH%DQGWKHPHDQSRVLWLRQULVHVVOLJKWO\IRUDVLPLODU






FDQ FKDQJH UHVXOWLQJ LQ GLIIHUHQW FKDUDFWHULVWLFV RI WKH
PRRULQJ V\VWHP ,Q RUGHU WR VWXG\ WKH HIIHFWV RI PRRULQJ
V\VWHP DUUDQJHPHQW WZR QHZ FRQILJXUDWLRQV DUH EXLOW E\
HLWKHU GHFUHDVLQJ RU LQFUHDVLQJ WKH FURVV DQJOHV EHWZHHQ







)LJXUH  VKRZV FXUYHV RI KRUL]RQWDO UHVWRULQJ IRUFH IRU
GLIIHUHQWPRRULQJV\VWHPDUUDQJHPHQWVZLWKUHVSHFWWRWLPH
7KUHHFXUYHVDUHUDWKHUFORVHEXWLQFUHDVLQJLQFOXGHGDQJOHV
FDQ EULQJ DERXW ODUJHU KRUL]RQWDO UHVWRULQJ IRUFH ZKLFK
NQRZQ IURP FRQFOXVLRQV LQ VHFWLRQ  ZLOO UHVWULFW VXUJH
PRWLRQ ,WPD\ WKXVEH LQIHUUHG WKDW ODUJHU LQFOXGHGDQJOHV
ZLOOEHIDYRUDEOH 








































































6LPXODWLRQVDUHFDUULHGRXW IRU WKH WZRQHZFRQILJXUDWLRQV
DQG PRWLRQ UHVSRQVHV DUH VKRZQ LQ )LJXUH  5$2V DUH
FRPSXWHG DQG OLVWHG LQ 7DEOH  5HVXOWV LQGLFDWH WKDW RQO\
WKH PHDQ SRVLWLRQ RI VXUJH PRWLRQ LV LQIOXHQFHG E\ WKH
PRRULQJV\VWHPDUUDQJHPHQWVZKLOHRWKHUSDUDPHWHUVDUHVR
FORVH WKDW WKHLUGLIIHUHQFHPD\EHQHJOHFWHG7KH LQIHUHQFH
PDGHLQ ODVWSDUDJUDSKFDQDOVREHYHULILHG LH LQFUHDVLQJ
LQFOXGHG DQJOHV ZLOO SUHYHQW WKH SODWIRUP IURP GULIWLQJ












&RQILJXUDWLRQV 2ULJLQDO 6PDOODQJOH /DUJHDQJOH 
6XUJH5$2˄PP˅    
+HDYH5$2˄PP˅    




FRPSDULQJ FDOFXODWHG UHVXOWV ZLWK WKRVH REWDLQHG IURP
PRGHO WHVWV WKH DELOLW\ RI SUHVHQW VROYHU WR KDQGOH
K\GURG\QDPLFSUREOHPVRIIORDWLQJVWUXFWXUHVZLWKPRRULQJ
V\VWHPVLQZDYHVLVYDOLGDWHG7KHVROYHULVWKHQDGRSWHGWR
LQYHVWLJDWH HIIHFWV RI WKH PRRULQJ V\VWHP RQ VXUJH KHDYH
DQG SLWFK UHVSRQVHV RI D VHPL-VXEPHUVLEOH SODWIRUP LQ
YLVFRXV IOXLG7ZRVHWVRIQXPHULFDOVLPXODWLRQDUHFDUULHG
RXW UHJDUGLQJ GLIIHUHQW PRRULQJ OLQH FRPSRVLWLRQV DQG
GLIIHUHQWPRRULQJV\VWHPDUUDQJHPHQWV&RQFOXVLRQVFDQEH
GUDZQDVIROORZV 
1. 0RRULQJ V\VWHPV KDYH OLWWOH LQIOXHQFH RQ KHDYH DQG
SLWFK UHVSRQVHV DQG UHODWLYHO\ ODUJH HIIHFWV RQ VXUJH
UHVSRQVHHVSHFLDOO\WKHORZIUHTXHQF\GULIWPRWLRQ 
2. ,QFUHDVLQJ WKH OHQJWK RI WKH PLGGOH FDEOH RI WKH
PXOWL-FRPSRQHQWPRRULQJ OLQHZKLOHPDLQWDLQLQJ WRWDO
OHQJWKFDQVXSSUHVVVXUJHUHVSRQVH7KLVFRQILJXUDWLRQ
PD\ WKXV EH DGRSWHG LI OLQH WHQVLRQ OLPLW FDQ EH
VDWLVILHG 
3. ,QFUHDVLQJ WKH LQFOXGHG DQJOHV EHWZHHQ PRRULQJ OLQHV
LQ WKH VDPH JURXS RI WKH PRRULQJ V\VWHP FDQ UHGXFH
WKHGULIWRI WKHSODWIRUP$VDUHVXOW WKLVPD\EHXVHG
DVDQLPSURYHGFRQILJXUDWLRQ 
$OWKRXJK WKH DSSOLFDWLRQ RI SUHVHQW VROYHU LQ WKLV SDSHU LV
OLPLWHG WR UHJXODUZDYHV LWFDQEHH[WHQGHG WR LUUHJXODURU
H[WUHPHZDYHVDIWHUZDUGV:RUNGRQH LQ WKLVSDSHUFDQ EH




%DXGLF 6) :LOOLDPV $1 .DUHHP $  $ 7ZR-'LPHQVLRQDO
1XPHULFDO :DYH )OXPH²3DUW 1RQOLQHDU :DYH *HQHUDWLRQ
3URSDJDWLRQ DQG $EVRUSWLRQ -RXUQDO RI 2IIVKRUH 0HFKDQLFV
DQG$UFWLF(QJLQHHULQJ- 
&DR + :DQJ ; /LX < :DQ '  1XPHULFDO 3UHGLFWLRQ RI































































































6\VWHP 7KH 7ZHQW\-WKLUG ,QWHUQDWLRQDO 2IIVKRUH DQG 3RODU
(QJLQHHULQJ&RQIHUHQFH$QFKRUDJH$ODVND86$- 
&DR+=KD-:DQ'1XPHULFDOVLPXODWLRQRIZDYHUXQ-XS
DURXQG D YHUWLFDO F\OLQGHU 3URFHHGLQJV RI WKH 7ZHQW\-ILUVW
 ,QWHUQDWLRQDO 2IIVKRUH DQG 3RODU (QJLQHHULQJ
&RQIHUHQFH0DXL+DZDLL86$- 
&DUULFD30:LOVRQ591RDFN5:6WHUQ)6KLSPRWLRQV





IORDWLQJ EUHDNZDWHUV FRQQHFWHG ZLWK KLQJHV (QJLQHHULQJ
6WUXFWXUHV- 
+LUW&:1LFKROV%'9ROXPHRI IOXLG 92)PHWKRG IRU
WKH G\QDPLFV RI IUHH ERXQGDULHV -RXUQDO RI &RPSXWDWLRQDO
3K\VLFV- 
+XDQJ 6  '\QDPLF DQDO\VLV RI WKUHH-GLPHQVLRQDO PDULQH
FDEOHV2FHDQ(QJLQHHULQJ- 
-DVDN + 7XNRYLF =  $XWRPDWLF PHVK PRWLRQ IRU WKH
XQVWUXFWXUHG ILQLWH YROXPH PHWKRG 7UDQVDFWLRQV RI )$0(1$
- 
-HRQ6+&KR<86HR0:&KR-5-HRQJ:%'\QDPLF
UHVSRQVH RI IORDWLQJ VXEVWUXFWXUH RI VSDU-W\SH RIIVKRUH ZLQG
WXUELQHZLWKFDWHQDU\PRRULQJFDEOHV2FHDQ(QJLQHHULQJ
- 
.LP %: 6XQJ +* .LP -+ +RQJ 6<  &RPSDULVRQ RI
OLQHDUVSULQJDQGQRQOLQHDU)(0PHWKRGV LQG\QDPLFFRXSOHG
DQDO\VLV RI IORDWLQJ VWUXFWXUH DQG PRRULQJ V\VWHP -RXUQDO RI
)OXLGVDQG6WUXFWXUHV- 
/DUVHQ - 'DQF\ +  2SHQ ERXQGDULHV LQ VKRUW ZDYH
VLPXODWLRQV²D QHZ DSSURDFK &RDVWDO (QJLQHHULQJ 
- 
/LX<6XQ5&DR+:DQ'0RWLRQUHVSRQVHDQDO\VLVRID
VHPL-VXEPHUVLEOH SODWIRUP ZLWK FDWHQDU\ PRRULQJ V\VWHP
3URFHHGLQJV RI WKH (LJKWK ,QWHUQDWLRQDO :RUNVKRS RQ 6KLS
+\GURG\QDPLFV6HRXO.RUHD 
1DNDMLPD70RWRUD6)XMLQR02QWKHG\QDPLFDQDO\VLV
RI PXOWL-FRPSRQHQW PRRULQJ OLQHV 2IIVKRUH 7HFKQRORJ\
&RQIHUHQFH- 
4LDR ' 2X -  *OREDO UHVSRQVHV DQDO\VLV RI D
VHPL-VXEPHUVLEOH SODWIRUP ZLWK GLIIHUHQW PRRULQJ PRGHOV LQ
6RXWK&KLQD6HD6KLSVDQG2IIVKRUH6WUXFWXUHV- 
5XVFKH +  &RPSXWDWLRQDO )OXLG '\QDPLFV RI 'LVSHUVHG
7ZR-SKDVH )ORZV DW +LJK 3KDVH )UDFWLRQV 'RFWRUDO
'LVVHUWDWLRQ8QLYHUVLW\RI/RQGRQ/RQGRQ 
6HHEDL76XQGDUDYDGLYHOX5(IIHFWRI7DXW$QG&DWHQDU\
0RRULQJ 2Q 6SDU 3ODWIRUP :LWK 0: :LQG 7XUELQH 7KH
(LJKWK  ,623( 2FHDQ 0LQLQJ 6\PSRVLXP &KHQQDL
,QGLD- 
6HWKXUDPDQ/9HQXJRSDO9+\GURG\QDPLFUHVSRQVHRID
VWHSSHG-VSDU IORDWLQJ ZLQG WXUELQH 1XPHULFDO PRGHOOLQJ DQG
WDQNWHVWLQJ5HQHZDEOH(QHUJ\- 
6KHQ=&DR+<H+/LX<:DQ''HYHORSPHQWRI&)'













6XQ -: )DQ ;7 :DQ ;= /LX 6;  1XPHULFDO 6WXG\ RQ
+\GURG\QDPLF %HKDYLRU RI 'HHSZDWHU 6SDU 3ODWIRUP ZLWK
'LIIHUHQW 0RRULQJ &RQILJXUDWLRQV $SSOLHG 0HFKDQLFV DQG
0DWHULDOV- 
:DULV 0% ,VKLKDUD 7  '\QDPLF UHVSRQVH DQDO\VLV RI
IORDWLQJ RIIVKRUH ZLQG WXUELQH ZLWK GLIIHUHQW W\SHV RI KHDYH
SODWHVDQGPRRULQJ V\VWHPVE\XVLQJD IXOO\QRQOLQHDUPRGHO
&RXSOHG6\VWHPV0HFKDQLFV- 
<H + 6KHQ = :DQ '  1XPHULFDO SUHGLFWLRQ RI DGGHG
UHVLVWDQFH DQG YHUWLFDO VKLS PRWLRQV LQ UHJXODU KHDG ZDYHV
-RXUQDORI0DULQH6FLHQFHDQG$SSOLFDWLRQ- 
=KRX + &DR + :DQ '  1XPHULFDO 3UHGLFWLRQV RI :DYH
,PSDFWV RQ WKH 6XSSRUWLQJ 6WUXFWXUHV RI 6KDQJKDL
'RQJKDL-%ULGJH 2IIVKRUH :LQG 7XUELQHV 7KH 7ZHQW\-WKLUG
,QWHUQDWLRQDO 2IIVKRUH DQG 3RODU (QJLQHHULQJ &RQIHUHQFH
$QFKRUDJH$ODVND86$- 
 
